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INTRODUCTION 
The Divide Cut Section 3A of the Tennessee-Tombigbee 
Waterway is located in Tishomingo County, Mississippi. 
Construction of this portion of the canal required the 
,.p 
excavation of a cherty residuum. This material (hereafter 
referred to as cherty Paleozoic material) is a member of the 
Fort Payne Formation, of the Mississippian Period, of the 
Paleozoic era. The purpose of this study was to determine 
Ghanieal ancl cnginee:Iing proper Lies of Lhe materlal, 
including its abrasiveness. Also, the mineralogy of the 
material was to be determined and a particular effort was 
made to determine if the material could be classified as 
Tripoli. 
On June 22, 1982, a test pit was excavated east of the 
canal at Station 13179+75· The excavation was made with a 
tracked backhoe to a depth of approximately 16.4 feet. 
Excavation was done and samples were collected under the 
direct supervision of two geotechnical engineers of the 
Kentucky Transportation Research Program of the University 
of Kentucky. 
The soil profile encountered at the test pit is 
illustrated in Figure 1. The location of sampling depths is 
listed in the same figure. All samples collected were sealed 
immediately to prevent a loss of moisture while being 
transported to the laboratory. 
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TESTING PROGRAM AND RESULTS 
BASIC PROPERTIES 
All moisture content specimens collected in the field 
were oven dried and weighed in accordance with ASTM D 2216 
"'' 
( 1 ) • The natural moisture content of the four Paleozoic 
specimens ranged from 24 to 35 percent (see Table 1). The 
average water content was 28.3 percent. 
Atterberg limits were performed on the material in 
accordance with ASTM D 423 and ASTM D 424. The liquid limit 
was 28.2 percent and the plasticity index was 7. 4 percent 
Thus, the in situ moisture content was close to the liquid 
limit. 
Results of particle-size analyses of the cherty 
Paleozoic material are shown in Figure 2 and in. Table 2. 
The test method used was ASTM D 422. Twenty-three percent 
(percent finer by weight) of the material passed the Number 
200 sieve and 10 percent classified as clay-size particles 
(<0.002 mm). The material classified as SC according to the 
Unified Soil Classification System. 
A moisture-density test was also performed (ASTM D 698, 
Method D), and the results are shown in Figure 3· The 
maximum dry density was 103.5 pounds per cubic foot and the 
optimum moisture content was 20.8 percent. It should be 
noted that the in situ moisture content was considerably 
above the optimum moisture content. 
The average apparent specific gravity (using ASTM D 864) 
was 2.65. 
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mineralogy was performed on two types of X-ray 
specimens. The first sample consisted of material passing 
the Number 10 sieve ( 2 mm). Results for this sample are 
shown in Table 3. Seventy-six percent was quari;z and 18 
percent was kaolinite. 
The second sample consisted of material retained on the 
Number 10 sieve. However, this material was crushed until 
it also passed the Number 10 sieve before X-raying. Table 4 
summarizes the results for this second sample. Ninety-three 
percent was quartz and six percent was kaolinite. The clay-
size particles were mostly kaolinite (46 percent) and mica 
(16 percent). 
Figures 4 through 8 are a series of photomicrographs of 
the cherty Paleozoic material. Figure 4 shows a natural 
weathered surface of a large chert fragment magnified 1,000 
times. The crystalline structure of the grains is clear. 
The large void at right center, produced by leaching, should 
be noted. Figure 5 illustrates a freshly fractured surface 
of the chert r-ragrne:nt s---n-o--w1ng sharp unweathered gra1ns w1th 
some clay intrusions. Figures 6 and 7 show the top grain 
size of the matrix magnified 1,200 times and 2,000 times, 
respectively. An abundance of crystalline quartz can be 
seen; however, Figure 7 shows more amorphous material and 
considerable rounding of the grains, possibly due to 
leaching. Figure 8 shows the clay-size material magnified 
4300 times. A number of crystals with the characteristic 
kaolinite shape can be seen; however, most of the kaolinite 
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is apparently amorphous. A spectrum analysis to determine 
the basic elements present in the clay showed that a small 
amount of iron and titanium was present (the exact amount is 
unknown) . Murray and Lyons ( 2) have stated that the 
presence of small amounts (one "''percent or more) of iron and 
titanium will prevent kaolinite from crystallizing properly 
and the greater the amounts of these elements the more 
amorphous kaolinite will be. 
Two permeability tests were performed on the material. 
The procedure used is very similar to that described in the 
"Laboratory Soils Testing" (3) (EM 1110-2-1906 published by 
the Army Corps of Engineers) on page VII-17 under the 
section entitled ''Permeability Tests with Back Pressure'', 
The first specimen was compacted in a mold at optimum 
moisture content (20.8 percent) using "standard" compactive 
effort (ASTM D 698). The specimen diameter was 4.0 inches 
and the height was 6.0 inches. The sample was consolidated 
with a cell pressure of 70 pounds per square inch and a back 
pressure 0 f 60 pounds per square inch (an effective 
confining pressure of 10 pounds per square inch). The 
"driving" head (loss of head) during the test was 5 pounds 
per square inch. The coefficient of permeability was 1.1 x 
10- 6 centimeters per second. This is described by Terzaghi 
and Peck (4) as ''very low'' degree of permeability. 
The second test was run on the material in a very loose 
state to approximate its condition in the field after it had 
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been excavated and dumped. The material was place loosely 
in the mold at optimum moisture content with no compaction. 
The sample dimensions and test conditions were the same as 
those in the first test. The coefficient of permeability for 
1 (j,_ 3 the second test was 9.2 x centimeters per second. 
This can be described as a material with ''medium''· degree of 
permeability (4). 
LIQUEFACTION 
---------'Jl.e--tlce+ermine the li'l:UCfaeHen po eential of the Paleozoic 
material, a specimen measuring 2. 8 inches in diameter and 
6.0 inches in height was tested under vibratory loading. To 
approximate the condition of the material after it had been 
excavated and placed in the field, the material was ''poured'' 
loosely into the enveloping membrane at the natural moisture 
content of 24 percent. Pore-pressure lines of the test 
chamber were evacuated of air and saturated. The sample was 
then allowed to consolidate under a small confining stress 
of 3 pounds per square inch. The sample was tested in an 
undrained condition with pore-pressure measurements. 
One hundred cycles of load were applied to the sample at 
a frequency of one cycle per second. The effective vertical 
stress, 0' 1 , was 3 pounds per square inch. 
Figure 9 illustrates the results. The pore-pressure 
ratio (defined as pore pressure divided by effective 
vertical stress) is plotted as a function of number of 
eye les. It is evident that at approximately 20 cycles the 
pore pressure begins to increase rapidly. At 95 cycles, the 
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entire vertical stress is being carried by the pore water. 
This is a clear indication that the material in its natural 
moisture state might liquefy when loaded fairly rapidily. 
The potential for liquefaction wo.uld make it difficult to 
compact the material in the f:i'eld without proper drainage 
and drying time. 
Since the in situ water content (2S percent) was about 7 
percent greater than the optimum water content, as 
determined from ASTM D 698-70, and considering that the 
materials at this site were located initially in a swamp and 
were inundated, then the cherty Paleozoic formation was very 
likely to have a degree of saturation near or at 100 
percent. Moveover, during sampling of the test pit, it was 
observed that water was flowing freely from a sand layer 
located on top of the cherty layer. If this sand layer and 
freely flowing water were prevalent throughout the top of 
the cherty layer, the free flow of water into the 
excavation of the cherty formation would have added to the 
iem of Lao mu--c-h water Lo effectively compact Lhe chex-t----
immediately after excavation. Soils having an appreciable 
amount of fine particles (such as the cherty material) 
cannot be effectively compacted if the degree of saturation 
is near 100 percent and water cannot escape rapidly from the 
mass upon fairly rapid application of load. In a loose 
state, the cherty material is compressible and if the soil 
is saturated or nearly saturated, the voids are nearly 
filled with water. Hence, applying loads when the material 
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is nearly saturated (which reduces the volume of voids and 
increases yhr degree of saturation to 100 percent) would 
generate large excess pore pressures. The repeated load 
test, Figure 9, clearly illustrates how rapidily the pore 
pressures build up in the che'rty material during loading 
when the water content is near the in situ water content. 
Examination of the effective stress equation explains this: 
in which total applied stress (such as 
would be applied by a bulldozer), 
(J" 1 effective stress, and 
u initial or hydrostatic pore pressure, and 
AU excess pore pressure due to application 
of load. 
If the material is saturated and a load is suddenly applied 
to the mass, and if the water cannot drain instantaneously, 
then the effective stresses would suddenly trend t01;ard 
zero , r 
o-' ot - ( u + AU) = > 0. 
Since the shearing strength, s, of soil can be expressed as 
s = c' + 0""
1 tan 1' 
in which c effective cohesion, 
~· effective stress, and 
1' effective internal angle of friction. 
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Since the cherty material is essentially a course-grained 
soil and was placed in a loose state, then c is essentially 
0 or very small, and 
s ( 0. 0) + ( 0. 0) (tan ¢' ) = > 0. 0 
.. 
then shear strength would be zero or close to zero. Hence, 
efforts to compact the material immediately upon removal 
from a borrow area would be unsuccessful without first 
draining and/or drying the material to lower the degree of 
saturation or water content. Although the cherty Paleozoic 
material is a coarse-grained soil and has medimum drainage 
in a loose state, as determined from permeabil ty tests, the 
workability of this material is reduced considerably because 
of the presence of clay- and silt-size particles. If the 
cherty material had been drained and/or dried to a water 
content close to optimum water content (ASTM D 698-70), then 
the material should have had sufficient air contents so 
that, when the material was compacted, excessive pore 
pressures would not have bullrli~t"l'lat 1s, the vo1ds a±m---- ---
compaction would not have been completely filled with water. 
Consequently, proper drainage and drying techniques would be 
required. Since the material was located in a swamp and was 
under water initially, then it could have been anticipated 
that the cherty materials, as well as other materials in the 
deposits, would have been saturated. The use of drainage 
and drying techniques during placement would have aided the 
compaction. 
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ABRASION CHARACTERISTICS 
To determine the abrasiveness of the Paleozoic material, 
a laboratory test procedure was devised. Eased on a review 
of literature, no standard test for abrasion that applied to 
the conditions of this study w~s found. It was decided to 
compare the abrasiveness of the cherty Paleozoic material to 
that of a hard siliceous limestone and a well-cemented 
coarse-grained sandstone two materials routinely used in 
the construction of major transportation facilities. 
The test consisted of placing a thin-walled aluminum 
cylinder (open at both ends) and a 2,000-gram specimen of 
the material being tested in a ball mill. The cylinder and 
sample were tumbled in the ball mill for a minimum of 25 
hours. At selected intervals during the testing period, the 
aluminum cylinder was removed, cleaned, and then weighed on 
+0.0001 gram) to an analytical balance (precision 
determine weight loss due to abrasion by the soil specimens. 
Initial gradations of all three soil materials were 
identical La Ghat shown in Figu-r-e--------Z--;---it--lso, I; he Lln ee me Lal 
cylinders were equal in hardness and dimensions. 
Figure 10 shows that the sandstone was considerably more 
abrasive than the other materials. Although the limestone 
and the cherty Paleozoic specimens exhibited similar 
behavior in the first 400 minutes, the limestone curve was 
more linear and produced greater weight loss with increasing 
time. 
A mechanical sieve analysis was performed on each of the 
materials after completion of the tests. 
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Figure 11 
indicates more mechanical "breakdown" of the sandstone and 
limestone specimens occurred than of the cherty Paleozoic 
material. 
Hardness of the cherty material was determined from 
Shore scleroscope tests. This apparatus is normally used to 
determine the hardness of metals. The large chert fragments 
had a Shore scleroscope value of 43· This is an average 
value of 100 trial tests. For comparative purposes, Shore 
scleroscope tests were performed on the sandstone and 
limestone used in the abrasion test described above. The 
sandstone had an average Shore scleroscope value ( 1 00 
trials) of about 19. The limestone had an average value of 
34. Hence, the cherty material, which showed lower abrasion 
characteristics than the limestone and sandstone, was harder 
(as measured by the Shore scleroscope) than the limestone 
and sandstone. 
STRENGTH PROPERTIES 
The effects of aging and moisture content on the 
strength characteristics of the cherty Paleozoic were 
determined using five California Bearing Ratio tests (ASTM D 
1 883) • All test specimens were compacted to optimum 
moisture content and maximum dry density according to ASTM D 
698, Method D, on the same day and placed in a soaking tank. 
The test specimens were allowed to soak for six days. 
Almost no swell of any of the specimens occurred during the 
soaking period. On the sixth day, one specimen was removed 
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from the tank and tested immediately. It had a CBR value of 
4.8 at a moisture content of 21.5 percent. Also, on the 
sixth day, two samples were removed from the soaking tank, 
left in the molds, and 1<ere arranged so 1<ater could drain 
•'' 
from the bottom of the specimens; the tops of the specimens 
were exposed to air. The remaining two CBR samples were 
left in the soaking tank. 
On the tenth day, one sample that had been allowed to 
drain was tested at a moisture content of 17.4 percent; it 
had a CBR value of 16.3. Also, on the tenth day, a 
specimen, which had been soaking in the tank, was removed 
and tested immediately. At a moisture content of 21.5 
percent, it had a CBR value of 2.9. 
On day fifteen, the sample that had been allowed to 
drain for nine days was tested at a moisture content of 15.0 
percent. The CBR value was 36.4. The last sample remaining 
in the soaking tank was removed and tested on the fifteenth 
day. It had a moisture content of 21. 5, and the CBR value 
----~w~a'so-~,~.--------------------------------------------------------------
Figure 12 is a summary of these results. From that 
figure, it can be readily concluded that the loss of 
moisture was a major contributing factor to the increase of 
shear strength (as measured by the CBR test) of the material 
with time. Conversely, in Figure 13 when moisture content 
was held constant, there was no increase in strength with 
time; rather, a small decrease occurred (this could be 
within the range of experimental error). In Figure 14, CBR 
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values obtained from the drying test in the CBR molds are 
shown as a function of drying time. In the range of 
moisture contents represented in that figure, CBR values 
increase linearly with time. 
. .. 
ANALYSIS AND CONCLUSIONS 
Based on the engineering data obtained during this 
study, it appears that the cherty Paleozoic material does 
not possess ''abnormal'' or ''unusual'' engineering properties. 
The cherty material classified as SC according to the 
Unified Soil Classification System and can be described as a 
clayey sand with gravel. 
material is relatively low 
The plasticity index of the 
7.4 percent. The liquid limit 
of the material is only 28.2 percent. Soils having these 
index properties and classification are frequently 
encountered in geotechnical engineering. Activity, the 
ratio of plasticity index and the percent of particles finer 
by weight than 0.002 mm, of the material is relatively low. 
The act1v1ty value 1s 0.~1s value is u-eLween activity 
values of kaolinite and illite (5). Soils that present 
''particularly difficult construction problems", such as 
soils containing montmorillonite, have activity values 
greater than 2. Based on X-ray mineralogy, the cherty 
material does not contain montmorillonite. Specific gravity 
of the material 2. 6 5 is typical of many soils. 
Measurments obtained during sacking of the CBR specimens of 
the cherty material showed that almost no swell occurred. 
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Hence, the soils are not expansive. Materials that classify 
as SC have fairly high shear strengths when properly 
compacted typically the effective stress shear strength 
t 
"''' 
parame er, f' is approximately 31!. 3 degrees (6,7) and 
are rated highly for use as a roadway surfacing material (cf 
5). In fact, the cherty material resembles dense-graded 
limestone aggregate used in Kentucky as base courses for 
highways. A visual inspection of a section of the dike 
constructed using the cherty material adjacent to the test 
pit revealed that the surface was extremely hard and 
appeared to be very stable. Extreme difficulty was 
encountered when attempts were made to dig a sample of the 
dike surface with a pick. 
Compaction difficulties encountered with the cherty 
Paleozoic material during construction of the permanent 
access roads and haul roads may be attributed to the 
presence of an excessive amount of water and to the presence 
of a sufficient quantity of silt- and clay-size particles in 
the cherty matr1x that actecl to retard the insLanLaneoas 
outflow of water from voids of the cherty matrix upon the 
application of the loads of compaction equipment. Simply 
stated, the material was "too wet" to compact immediately 
after excavation. The in situ water content of the cherty 
Paleozoic material was 21).3 percent (an average value of 
four tests). Standard optimum moisture content and maximum 
dry density of the cherty material as determined from ASTM D 
698-70, Method D, were 20.8 percent and 103.5 pounds per 
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cubic foot, respectively. Hence, the in situ water content 
was about 
content. 
7 percent 
Based on 
larger than the optimum moisture 
the later measurements, visual 
examinations of the moisture conditions of the material in 
situ (test pit) and immediatel;{ after removal from the test 
pit (the material felt "very wet''), the fact that the cherty 
material was located in a swamp and inundated, then the 
degree of saturation of the in situ cherty material was 100 
percent, or very close to this value. Although the degree 
of saturation fell slightly below 100 percent upon removal 
from the ground (the material was in a loose state and the 
volume of voids increased), the material became saturated 
when efforts were made to compact or densify the cherty 
material at or near in situ water contents. Application of 
loads (and eq_uipment vibrations) caused large excess pore 
pressures to develop in the cherty material and effective 
stresses tended toward zero. Additionally, clay- and silt-
size particles prevented a rapid escape of water (pore 
pressure was retarded). Consequently, the 
material liq_uefied under the large loads of the compaction 
eq_uipment. A laboratory repeated load test (undrained) 
showed that a rapid increase of pore pressures occurred 
after about 20 cycles. This test was conducted on the 
cherty material in a loose state and at in situ water 
contents and demonstrated the liq_uefaction potential of the 
cherty material under those conditions. 
To effectively compact the cherty material and to avoid 
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liquefaction required a lowering of the water content from 
the in situ value to approximately the optimum water content 
(ASTM D 698-70). Such a reduction lowers the degree of 
saturation (typically soils compacted at standard optimum 
moisture have degrees of saturation on the order of 85 to 90 
percent) and introduces air into the voids of ·the soil. 
When a soil is compacted at or near "standard 11 optimum 
moisture content, sufficient air is present in the voids to 
allow the soil to be compacted to or near maximum dry 
density the voids are not completely filled with water 
during or after compaction; rather, the voids of the soil 
after compaction still contain air and water. 
sufficient air is present in the voids, 
pressures do not develop during compaction 
strengths remain high. 
Hence, when 
excess 
and 
pore 
shear 
The bearing strength of the cherty Paleozioc material 
was significantly dependent on the moisture condition of the 
material. For instance, California Bearing Ratio (CBR) 
tests performed on three spec1mens us1ng d1fterent soak±1T;rr----
times and having a constant (soaked) water content yielded 
values that were essentially constant with time of soaking. 
For these three tests, CBR values ranged from about 2.8 to 
4. 7; the water content of the soaked specimens (which were 
tested immediately after removal from the tank and at 
different soaking times) were about the same as the in situ 
water contents. Consequently, ''aging'' of the specimens had 
little or no effect on the bearing strength of the material. 
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However, the bearing strength of the material increased 
linearly and sharply with increasing drying and draining 
time. CBR tests conducted by placing the cherty material in 
CBR molds, soaking the specimens, and allowing the ~pecimens 
to drain through perforations at the bottom of the mold and 
air dry at the top surface of the specimen at· different 
times showed that the CBR value increased from a value of 
about 3.3 (average of three tests) to a relatively high 
value of about 10 in about 2 days; in 9 days the CBR 
increased to 31. Consequently, as the water content of the 
specimens decreased, the bearing strength increased. Data 
sho1; that, when the water content was reduced 2.5 percent 
below in situ water content, the CBR increased from about 
3.3 to 10.0; if the water decreased 5 percent, the CBR 
increased to 21. Hence, slight decreases in the water 
content greatly enhanced bearing strengths. 
Considering that the cherty material apparently existed 
in a nearly saturated condition (water contents of soaked 
spec1mens were nearly equal to 1n s1tu water contents), 1t 
was imperative that proper drainage and/or drying techniques 
be used to lower the water content (or degree of saturation) 
of the cherty material. Laboratory permeability tests 
indicate that the in situ coefficient of permeability of the 
cherty material was low. A test performed on a specimen of 
the cherty material remolded to optimum water content and 
maximum dry density (ASTM D 698-70, Method D) yielded a 
coefficient of permeability of 1.1 
-6. 
x 10 centimeter per 
PAGE 18 
second. The degree of permeability of the material in a 
very dense state was very low. If it is assumed that the in 
situ density approximates the laboratory density and 
considering the low permeability of the material i~ a dense 
state, then the instigation o'.f drainage measures during 
early stages of construction was essential to allow as much 
time as feasible for the material to drain. 
Although the permeability of the material in a fairly 
dense state was low, the permeability of the material in a 
loose state was much higher. A second permeability test 
performed on a specimen of the cherty material in a loose 
state and at in situ water content yielded a value of 9.2 x 
10- 3 centimeter per second. The degree of permeability can 
be described as medium in the loose state and the material 
drains fairly rapidly. For example, if a 2-foot head of 
water was standing on a 2-foot layer of the cherty material 
(unit hydraulic gradient), then 2 hours would be req_uired 
for the water to pass through the material. The relatively 
low permeablllty of the materlal ln a dense state ani1~"""e,---------­
relatively medium permeability of the material in a loose 
state could have been used advantageously. For instance, by 
spreading the material on a surface that was slightly 
sloped, water could have drained from the loose layer. 
After sufficient time, efforts could have been made to 
compact the material. If the material was still too wet, it 
could be aerated using a heavy-duty moldboard plow pulled by 
a crawler-tractor to reduce the moisture content. Once the 
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moisture content was reduced close to optimum moisture, then 
it could have been compacted. This layer, which now would 
have had a lower pe rme ability, could have been sloped to 
each side of center. Then, the next loose lift could be 
placed. This process could ha;;e been repeated until grade 
elevation was reached. 
Tripoli is defined as a microcrystalline or fine 
particulate; a more or less friable form of silica. To 
determine if the material is Tripoli or if it contains 
appreciable amounts, two important characteristics of 
Tripoli must be noted -- chemical composition and particle 
size. First, most sources (8,9, 10) agree that the chemical 
composition of Tripoli is generally 95 percent or more 
silica It is more difficult to find and, 
consequently, to make a definite statement concering the 
second characteristic because the maximum particle sizes of 
naturally occuring Tripoli are not clearly defined in the 
literature (8,9,10). The maximum stated particle size ranges 
from 10 microns and smaller. One reference (11) llmlfil-t1fio-ec-------
top particle size of Tripoli to as small as 1. 2 microns. 
However, it appears from most references that limiting 
Tripoli to a top particle size of approximately 10 microns 
might be reasonable. Using this definition in conjunction 
with Table 3, it appears that the amount of material in the 
matrix that would qualify as Tripoli is approximately 38 
percent. However, the matrix is only 40 percent of the total 
weight of the material. Therefore, the amount of material in 
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the cherty Paleozoic material that would qualify as Tripoli 
is only 15 percent. To compare this material with other 
soils, the mineral analysis of a random sampling of 35 
different materials in Kentucky showed that the minimum 
amount of tripoli-sized quartz"'grains in these samples was 
6.7 percent and the percentage ranged to as h·igh as 34 
percent. 
Although deposits of Tripoli, derived from the 
weathering of chert, are known to occur in the upper Fort 
Payne Formation in Tishomingo County, Mississippi (10), and 
although Tripoli has been mined near Iuka Mississippi; it is 
the opinion of the authors that the cherty Paleozoic 
material does not contain a significant amount of material 
(15 percent) that would definitively confirm it to be 
Tripoli. This is stated in light of the fact that other 
soils contain considerably larger amounts of material that 
conform to the definition of Tripoli but are not considered 
to be Tripoli or tripoli tic. Therefore, the validity of 
ref'err1ng to th1.s mater1.al as TrlpOl~--"1' LripoliLic is 
questioned. 
Although the cherty material was more angular and was a 
harder stone due to better cementation, and consequently, 
had less breakdown, it was less abrasive because of smaller 
individual particle sizes. When individual particles of a 
sandstone or limestone broke off, they were still large 
enough to continue cutting or abrading the metal, whereas 
the chert grains, being smaller, had more of a "polishing
11 
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action, thereby wearing the metal less. Although the cherty 
material might be more abrasive than a fine-grained clay 
soil (this 1<as not confirmed), it was certainly much less 
abrasive than other materials commonly used in construction • 
.. 
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Table 1. Summary of Moisture Contents of Four Cherty 
Paleozoic Materials 
Sample No. and Elevation 
1 
2 
3 
4 
Moisture Content (%) 
24.2 
24-9 
35-5 
28.7 
Table 2. LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER LL PL PI SPGR 
412.6 o.o o.o o.o 2.65 
MECHANICAL SIEVE ANALYSIS TOTAL PERCENT PASSING 
1 1/2 IN 100.00 
1 IN 100.00 
3/4 IN 96.52 
3/8 IN 83.26 
NO. 4 61.85 
NO. 10 40.10 
HYDROMETER SIEVE ANALYSIS TOTAL PERCENT PASSING 
NO. 20 37.02 
NO, 40 33.32 
NO. 60 31.04 
NO, 200 27.72 
HYDROMETER ANALYSIS 
TIME TEMP HYD PERCENT PARTICLE 
<MIN> READING FINER DIAMETER-M/M 
0.25 67.00 35.00 22.64705 0.08852 
0.56 67-.oo---- 34.66 21.91286 6.6636'1 
• 
1.00 67.00 33.00 21.17854 0.04495 
2.00 67.00 32.00 20.44429 0.03203 
s.oo 67.00 31.00 19.71004 0.02041 
15.00 68.00 28.00 17.59615 0.01196 
30.00 69.00 26.00 16.21651 0.00852 
60.00 70.00 24.00 14.83688 0.00607 
240.00 72.00 20.00 12.08486 0.00307 
1440.00 72.00 13.00 6.94510 0.00131 
TABLE 3. Mineralogy of Matrix Mate~ial (smaller than 2 mm) 
Particle Size 1microns) 
(values are listed s percent) 
Mineral Type >slo 50 - 20 20 - 10 10 - 5 5 - 2 <2 Total 
Chlorite 1.4 0.3 
I 
Mica and Vermiculite 
I 13.6 6.9 7.0 2.2 (sand and silt sizes only) 
Mica (clay size only) 17.2 3.4 
Vermiculite (clay size only) 0.7 0.2 
Kaolinite 9.1 22.2 33.8 62.5 18.2 
Quartz 100.0 77.3 70.8 59.2 18.1 75.7 
Percent of Total Sample 6.4 7.7 7.8 8.9 20.4 100.0 
contained in each size 
TABLE 4. Mineralogy of Large Cheri Fragment 
'"'''"'" ''"" lru<ooooo) (Values are liste as percent) 
Mineral Type l.so 50 - 20 20 - 10 10 - 5 5 - 2 <2 Total 
Mica and Vermiculite 
(sand and silt sizes only) 3.(1 4.9 0.3 
Mica (clay size only) I 15.7 1.5 
Vermiculite (clay size only) I 4.1 .4 
Kaolinite 
loo.o 
7.j 16.4 6.8 5.4 
Quartz 100.0 100.0 89. ' 78.7 33.4 92.4 
Percent of Total Sample 
Contained in Each Size I 72.7 5.3 4.4 4.0 4.0 9.5 100.0 
able 5. Summary of References Listing Grain Sizes of Tripoli. 
uthor 
amar (8) 
eller (9) 
pain (10) 
ovey (11) 
Source of Tripoli 
Southern Illinois 
Arkansas 
West Tennessee 
River Valley 
Grain Size 
(microns) 
5 (maximum) 
10 (maximum) 
2 (average) 
1.2 (maximum) 
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Figure 2. Grain Size Curve 
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Figure 10. Abrasion as a Function of Time. 
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Figure 12. CBR as a Function of Moisture Content 
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Figure 13. CBR as a Function of Days. 
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Figure 14. CBR as a Function of Drying Time. 
